Intrоduсtiоn
Konya province located in the Central Anatolia has semi -arid climate with hot and dry summers. Annual precipitation in Konya is about 322.4 mm which is relatively low as compared to country average. A bit over 4 percent of the population are engaged in agricultural activities. Most of the crops cultivated in Konya require irrigation because of hot and dry summers.
Agriculture is one of the major ways to obtain nutrient, medicine, and other products for sustaining life and also contributes largely to the gross domestic product of most economies. Livelihood enhancement programs, food security, and other socioeconomic interventions over the years have targeted development in agriculture by increasing crop production through improvement in technology to be able to meet the needs of the world's increasing population. The World Bank (2018) has projected a world population of 9.7 billion by 2050 that is about 28% increase of the current population of 7.6 billion suggesting that food production in the future must be increased to be able to *  Corresponding author email: ssuheri@selcuk.edu.tr match this growth. Climate on the other hand is known to affect food production in many ways. Climate is made up of many parameters including wind, air temperature, humidity, solar radiation, atmospheric pressure, and precipitation. All of these parameters are likely to change due to instability in the atmosphere. Variations in these parameters directly or indirectly affect agricultural activities.
Water plays a crucial role in agriculture; however, it is required to meet household, energy, manufacturing and ecological needs. Although the need for water is increasing in other sectors, irrigation continues to be the main consumer of water. According to the FAO (2018), the usage of water for irrigation generally amounts to about 70% of all freshwater withdrawals. Irrigation is a reliable way of providing plants with the water needed for growth and plant yield depends largely on the amount of water available and can be used at a particular period. Additionally, determining the amount of water needed by plants, and the amount that can be used by the plant for growth is necessary to determine the amount of water needed for irrigation to avoid excessive use of water and ensure plant growth.
Efficient management of declining water resources is an essential factor in achieving high irrigation 2 Süheri et. al. / Selcuk J Agr Food Sci, (2019) 33 (1), 1-6 efficiency, reducing drainage, decontamination of groundwater and desalination. The irrigation water efficiency can be increased by a proper irrigation program which includes the calculation of plant water consumption or crop evapotranspiration (ETc). Evapotranspiration is simply the amount of water lost through evaporation and transpiration and it can be expressed as a function of reference Evapotranspiration (ETo) and the crop coefficient (Kc) .
Evapotranspiration values are one of the basic data used in the planning, design, construction and operation of irrigation facilities. When planning an irrigation system, possible crops that can be cultivated under irrigation are determined and the planting rates in the irrigation area are estimated. The irrigation water needs of these plants are calculated by using various empirical equations based on meteorological data and the system is designed according to the month in which the highest irrigation water is needed.
The aim of this study is to calculate ETc of several crops cultivated in Konya plain by using different ETc estimation methods and to compare estimated ETc values with determined ETc values obtained from previously conducted researches in the region.
Materials and Methods

Study Area
Konya where the research was conducted has arid climate conditions with hot and dry summers. According to long-term meteorological data (1929 -2017) Three ETo calculation methods as of FAO56-Penman Monteith, Hargreaves and Samani, and Radiation equation were used to calculate ETo. The methods used in this study are cited and described in Allen et al. (1998) , Hargreaves and Samani (1985) and Doorenbos and Pruitt (1977) respectively. The FAO56 Penman Monteith method as stated by Allen et al. (1998) is Where; ETo = reference crop evapotranspiration (mm day -1 ), Rs = solar radiation in equivalent evaporation (MJ m -2 day -1 ), W = weighting factor which depends on temperature and altitude, C = adjustment factor which depends on mean humidity Süheri et. al. / Selcuk J Agr Food Sci, (2019) 33 (1), 1-6 and daytime wind conditions. W factor was calculated according to formula given by Doorenbos and Pruitt (1977) 
Where; ∆ = slope of the saturation vapour pressure temperature relationship (kPa °C -1 ), γ = psychrometric constant (kPa °C -1 ), C factor was calculated according to formula given by Allen and Pruitt (1991) 
Where; Rhmean=Mean relative 3umidity (%), Ud = mean wind speed at 2 m
Determination of Crop Evapotranspiration
The Crop evapotranspiration was calculated with following formula given by (Allen et al., 1998) 
ETc = Kc • ETo
Where; ETc = crop evapotranspiration (mm day -1 ), Kc = crop coefficient, ETo = reference crop evapotranspiration (mm day -1 )
The crop evapotranspiration of five different crops; maize (grain), sugar beet, sunflower, potato and wheat which are commonly cultivated on the region were calculated.
The Kc coefficients and planting periods were taken from Anonymous (2016) . The Kc coefficients and growth periods of the crops for Konya meteorological stations are given in Table 2 .
The Kc coefficients during initial and mid-season were considered as fixed. Kc coefficients for per month were determined graphically as stated by Allen et al. (1998) . The highest ETo was 6.02 mm/day and a minimum value was 0.84 mm/day obtained by using Hargreaves and Samani estimation methods. The ETc of the maize crop determined in a research conducted by Kara (2011) in 2009 at Konya. Kara (2011) , investigated the effects of four different irrigation levels and 7 day irrigation interval on maize yield and yield components. It was stated that total ETc of maize crop ranged between 590 mm and 781 mm in the study.
The researcher has indicated that the ETc was measured as 727.7 mm for the treatment where maximum yield was obtained.
In (Şahin et al., 2015) . The ETc of sugar beet calculated in this study were 1020.01 mm, 879.75 mm, and 1190.96 mm using the Penman-Monteith, Hargreaves and Samani, and the Radiation equation as presented in Table 5 . The growing period for sugar beet is 185 days. Higher ETc was recorded within the mid-season of the growing period.
Süheri et al. (2007) The results of ETc for sunflower using PenmanMonteith, Hargreaves and Samani, and Radiation have been presented in Table 6 . The total growing period for sunflower is 145 days and the planting period started from April and end in September. The total ETc are 731.31 mm, 626 mm, 851.13 mm. Yavuz et al. (2016) ETc determined by the radiation equation in this study was higher than maximum ETc measured by Yavuz et al. (2016) The ETc values calculated with Hergeaves and Penman Monteith in this study were lower than maximum ETc values measured by Yavuz et al. (2016) . However, Penman Monteith method produced closer ETc values to the ETc values measured by Yavuz et al. (2016) . The ETc calculated in this study using PenmanMonteith and the Radiation method had higher ETc for potato than the values obtained in Yavuz et al. (2012) study. The Hargreaves and Samani method was within the range observed in Yavuz et al. (2012) estimation.
Wheat is grown for 270 days and the results of ETc calculated with different methods have been represented in Table 8 . Today ETc of wheat with Penman-Monteith method was 588.62 mm, Hargreaves and Samani method was 598.23 mm, and radiation equation was 758.85 mm in Konya. The estimation of ETc was higher when the radiation equation was used. Penman-Monteith method is the method with the least value of ETc for wheat. Tari (2016) conducted a study to create deficit irrigation strategies for wheat. In the research, 22 experimental treatments were created based on the Süheri et. al. / Selcuk J Agr Food Sci, (2019) 33 (1), 1-6 growth stages of wheat and water-deficit levels in Konya plain. The seasonal ETc was observed to be varied between 206 and 571 mm in the study.
When the results obtained from this study was compared to Tari (2016)'s, it was observed that Penman-Monteith method was about 18 mm higher than ETc determined in Tari (2016) study. The Hargreaves Samani was about 28 mm high when compared with the maximum ETc from Tari (2016) and the radiation equation was over 180 mm higher. 
Conclusion
In conclusion, the results of this study suggest that the radiation method is not suitable in estimating plant water consumption in Konya because it produced the highest ETc in most cases, however, comparison with the other studies shows over estimated values which cannot be recommended for irrigation scheduling. Penman-Monteith was close to most of the values obtained from other studies and therefore remains a highly recommendable method for estimating ETc for considered plants in Konya.
